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Experimental 

Crystal data 

[PdCl 2 (C 21 H 21 0 3 P) 2 
M r = 882.00 
Triclinic, PI 
a = 9.575 (3) A 
b = 12.248 (4) A 
c = 17.814 (5) A 
a = 106.12 (3)° 
P = 90.42 (3)° 



Data collection 

Kuma KM-4 CCD diffractometer 
Absorption correction: analytical 

(CrysAlis RED; Oxford 

Diffraction, 2010) 

r min = 0.848, r m „ = 0.902 



y = 98.74 (3)° 
V= 1981.0 (11) A 3 
Z = 2 

Mo Ka radiation 
jU = 0.73 mm -1 
T = 100 K 

0.40 x 0.32 x 0.16 mm 



26365 measured reflections 
9077 independent reflections 
7974 reflections with / > 2a(I) 
R<„, = 0.025 



Received 24 January 2012; accepted 26 January 2012 

Key indicators: single-crystal X-ray study; T = 100 K; mean o-(C-C) = 0.004 A; 
R factor = 0.034; wR factor = 0.093; data-to-parameter ratio = 18.8. 



Refinement 

R[F 2 > 2a(F 2 )] = 0.034 

wR(F 2 ) = 0.093 

5 = 1.08 

9077 reflections 



484 parameters 

H-atom parameters constrained 
A/w = 1.61 e A~ 3 
Ap mi „ = -0.67 e A~ 3 



In the title compound, [PdCl 2 (C2iH2i0 3 P)2], the Pd atom 
adopts a slightly distorted square-planar coordination 
geometry, with pairs of the equivalent ligands in cis positions. 
Adjacent molecules are linked by weak C— H- ■ CI hydrogen 
bonds. The crystal structure is additionally stabilized by tt-jt 
stacking interactions between the aromatic rings [shortest 
centroid-centroid distance = 3.758 (4) A]. 

Related literature 

The structure of the title compound was determined as part of 
a larger study on palladium(II) complexes with triphenyl- 
phosphito ligands. For related structures and further discus- 
sion, see: Blaszczyk et al. (2009); Sabounchei et al. (2000); 
Trzeciak et al. (2001). For the Sonogashira reaction, see: 
Sonogashira et al. (1975). For bond lengths in coordination 
complexes, see: Orpen et al. (1989). For hydrogen-bond 
interactions, see: Aullon et al. (1998); Desiraju & Steiner 
(1999); and for n-Tt stacking contacts, see: McGaughey et al. 
(1998). For details of the temperature control applied during 
data collection, see: Cosier & Glazer (1986); and for specifi- 
cations of analytical numeric absorption correction, see: Clark 
& Reid (1995). 




Table 1 

Selected geometric parameters (A, °). 



Pd-Pl 


2.2254 (9) 


Pd 


-Cll 




2.3375 (9) 


Pd-P2 


2.2296 (9) 


Pd 


-C12 




2.3164 (9) 


Cll-Pd-C12 


90.59 (2) 


P2 


-Pd- 


-C12 


85.09 (2) 


Pl-Pd-P2 


94.07 (2) 


P2 


-Pd- 


-Cll 


175.50 (2) 


Pl-Pd-CU 


90.35 (2) 










Table 2 












Hydrogen-bond geometry (A, °). 










D-H- - A 


D-H 


H- ■ A 




D-A 


D-H - A 


C17-H17A- ■ -C12' 


0.98 


2.72 




3.521 (3) 


139 


C45-H45- ■ Cll" 


0.95 


2.91 




3.680 (3) 


139 


Symmetry codes: (i) x — 


1, y, z; (ii) — x + 


1.-V + 


1,-z- 


f 1. 





Table 3 

Intermolecular Jt-n interactions (A, °). 

Cgl denotes the centroid of ring C11-C16; Cg2 of ring C41-C46. Cg- ■ -Cg is 
the distance between ring centroids. The interplanar distance is the 
perpendicular distance of Cgl from the ring J plane. The offset is the lateral 
displacement of ring / relative to ring /. The planes of the / and / rings are 
parallel. 



Cgl 


Cg] 


Cg- ■ -Cg 


Interplanar distance 


Offset 


1 


V" 


3.758 (4) 


3.409 (4) 


1.582 (4) 



Symmetry codes: fiii) — x, —y + 1, — z + 1; (iv) — x + 1, — y r —z + 1. 



Data collection: CrysAlis CCD (Oxford Diffraction, 2010); cell 
refinement: CrysAlis RED (Oxford Diffraction, 2010); data reduc- 
tion: CrysAlis RED; program(s) used to solve structure: SHELXS97 
(Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: ORTEP-3 (Farrugia, 1997); 
software used to prepare material for publication: SHELXL97 . 
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c/'s-Dichloridobis[tris(2-methylphenoxy)phosphane-^P]palladium(ll) 

Izabela Blaszczyk, Anna M. Trzeciak and Andrzej Gniewek 

Comment 

Palladium complexes with phosphito ligands are frequently used as catalyst precursors in carbon-carbon bond-forming 
reactions. The Sonogashira reaction has attracted a lot of attention as an efficient way to produce phenylated alkines 
(Sonogashira et al, 1975). In this paper we report crystallization of a palladium(II) complex with tritolylphosphito 
ligands, the title compound, which has recently proved its high catalytic activity in a copper-free Sonogashira reaction 
with iodobenzene and phenylacetylene as substrates and imidazolium ionic liquids as the reaction medium (Blaszczyk et 
al, 2009). 

The Pd atom of the title compound is four-coordinated in a square-planar geometry (Fig. 1). The molecule adopts the cis 
configuration in the solid state. The angles between adjacent ligands deviate only slightly from the expected value of 90° 
(Table 1). The Pd — Cll and Pd — C12 bond distances are within a range typical for palladium complexes: 2.298-2.354A 
(Orpen et al, 1989). The measured Pd — P bond lengths 2.22-2.24A are also commonly observed in such a kind of 
complexes (Sabounchei et al, 2000; Trzeciak et al. 2001). 

In the crystal structure, the molecules of the title complex are linked by a few weak hydrogen interactions of the C — 
H— CI type (Desiraju & Steiner, 1999). The C17 and C45 atoms act as hydrogen-bond donors, via H17A and H45, to the 
CI 1 or CI" atom [symmetry codes: (i) x - \,y, z; (ii) -x + 1, -y + 1, -z + 1], respectively, as an acceptor (Table 2). The 
observed C — H— CI distances are similar to the values of the N — H-Cl hydrogen bonds identified for CI bonded to a 
transition metal (Aullon et al, 1998). 

Additionally, the Cll — C16 and C41 — C46 aromatic rings are engaged in x-x stacking contacts, which further assist in 
the stabilization of the crystal structure (Table 3). Even though the distance of the centroids and the offset of the 
interacting rings may first appear to be somewhat large, it is however well known that energetically favorable non-bonded 
aromatic interactions are generally observed at such phenyl ring centroid separation distances (McGaughey et al, 1998). 

Experimental 

The title compound was prepared according to the previously reported procedure (Blaszczyk et al, 2009): tris(2-methyl- 
phenyl)phosphite (0.96 ml, 3.0 mmol) was slowly added to the solution of PdCl 2 (cyclooctadiene) (0.144 g, 0.6 mmol) in 
benzene (5 ml). A change of color from yellow to pale yellow was observed. The solution was stirred at room 
temperature for 45 minutes. The solvent was evaporated in vacuo. The white product was recrystallized from a mixture 
of benzene and diethyl ether. Yield: 0.25 g, 48%. Analysis calculated: C 57.19, H 4.80; found: C 57.20, H 4.71%. IR 
(KBr, cm 1 ): v(=C — H) 3066, 3033, 2961, 2928, v(C=C) 1584, 1491, 1460, v(P— O— C) 1226, 1162, 1110, 1044, v(C— 
H) 952, 803, 762, 736, 609. »H NMR (CDC1 3 ): S 1.00 (6H, t, 3 J = 4.5 Hz), 6.14-7.03 (m, Ph), 2.07 (3H, s, CH 3 ). 31 P NMR 
(CDC1 3 ): 8 81.27. 
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Refinement 

All H atoms were positioned geometrically and refined using a riding model with aromatic C — H = 0.95A and ^(H) = 
1.2£/ eq (C). The methyl groups were refined with C — H = 0.98A and £/ is0 (H) = l.5U eq (C). The highest residual peak and 
the deepest hole in the final difference map are located 0.83 and 0.77A from the C51 and Pd atom, respectively. 

Computing details 

Data collection: CrysAlis CCD (Oxford Diffraction, 2010); cell refinement: CrysAlis RED (Oxford Diffraction, 2010); 
data reduction: CrysAlis RED (Oxford Diffraction, 2010); program(s) used to solve structure: SHELXS97 (Sheldrick, 
2008); program(s) used to refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: ORTEP-3 (Farrugia, 1997); 
software used to prepare material for publication: SHELXL97 (Sheldrick, 2008). 




Figure 1 

The molecular structure and atom numbering scheme of the title compound. Displacement ellipsoids are drawn at the 
30% probability level and H atoms are shown as small spheres of arbitrary radii. 

c/s-Dichloridobis[tris(2-methylphenoxy)phosphane-K-A > ]palladium(ll) 



Crystal data 

[PdCl 2 (C 21 H 21 0 3 P) 2 ] 
M r = 882.00 
Triclinic, PI 
Hall symbol: -P 1 
a = 9.575 (3) A 
b = 12.248 (4) A 
c = 17.814(5) A 
a = 106.12(3)° 



P = 90.42 (3)° 
y = 98.74 (3)° 
V= 1981.0(11) A 3 
Z=2 

P(000) = 904 

£> x = 1.479 Mgnr 3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 18240 reflections 
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6= 5.0-27.5° 
H = 0.73 mm -1 
T= 100 K 

Data collection 

Kuma KM-4 CCD 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
co scans 

Absorption correction: analytical 

(CrysAlis RED; Oxford Diffraction, 2010) 
T mm = 0.848, = 0.902 

Refinement 

Refinement on F 2 

Least-squares matrix: full 

RIF 2 > 2o(F*)] = 0.034 

wRiF 2 ) = 0.093 

S = 1.08 

9077 reflections 

484 parameters 

0 restraints 

Primary atom site location: heavy-atom method 



Plate, colorless 

0.40 x 0.32 x 0.16 mm 



26365 measured reflections 
9077 independent reflections 
7974 reflections with / > 2a{I) 
R mt = 0.025 

^max 27.5 , Qmm 5.0 

h = -12— >12 
/fc = -15->15 
/ = -16-»23 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = l/^F 2 ) + (0.0544P) 2 + 1.3532P] 

where P = {F 2 + 2F 2 )/3 
(A/(7) max = 0.001 
Ap max = 1.61 e A" 3 
Ap mm = -0.67 e A" 3 



Special details 

Experimental. The crystal was placed in the cold stream of an open-flow nitrogen cryostat (Cosier & Glazer, 1986) 
operating at 100 K. Analytical numeric absorption correction was carried out with CrysAlis RED (Oxford Diffraction, 
2010) using a multifaceted crystal model (Clark & Reid, 1995). 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , 
conventional 7?-factors R are based on F, with F set to zero for negative F 2 , The threshold expression of F 2 > 2a{F 2 ) is 
used only for calculating i?-factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based 
on F 2 are statistically about twice as large as those based on F and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


77 *ITJ 

^iso ' <^eq 


Pd 


0.400484 (15) 


0.294943 (13) 


0.282022 (9) 


0.01762 (6) 


Cll 


0.51620 (5) 


0.47374 (5) 


0.27470 (3) 


0.02515 (12) 


C12 


0.61585 (5) 


0.23734 (5) 


0.29736 (3) 


0.02538 (12) 


PI 


0.19314(5) 


0.34091 (5) 


0.25564 (3) 


0.01771 (11) 


P2 


0.30605 (5) 


0.12238 (5) 


0.29288 (3) 


0.01802(11) 


01 


0.09044(15) 


0.36632 (14) 


0.32508 (9) 


0.0234 (3) 


02 


0.10765 (15) 


0.23789 (13) 


0.18878 (9) 


0.0204 (3) 


03 


0.18784(16) 


0.45217 (13) 


0.22691 (9) 


0.0233 (3) 


04 


0.38304(15) 


0.07301 (12) 


0.35210(9) 


0.0202 (3) 


05 


0.29919 (18) 


0.01967(14) 


0.21472 (9) 


0.0272 (3) 


06 


0.14500(15) 


0.11591 (12) 


0.31591 (9) 


0.0190 (3) 
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Cll 


0.1329 (2) 


0.39945 (17) 


0.40527 (12) 


0.0175 (4) 


C12 


0.0448 (2) 


0.35074 (17) 


0.45303 (13) 


0.0184(4) 


C13 


0.0815 (2) 


0.39022 (19) 


0.53348 (13) 


0.0217 (4) 


H13 


0.0228 


0.3608 


0.5684 


0.026* 


C14 


0.2007 (2) 


0.4708 (2) 


0.56355 (13) 


0.0244 (4) 


H14 


0.2233 


0.4951 


0.6183 


0.029* 


C15 


0.2869 (2) 


0.51586 (19) 


0.51349(14) 


0.0243 (4) 


H15 


0.3695 


0.5704 


0.5338 


0.029* 


C16 


0.2523 (2) 


0.48113 (18) 


0.43391 (13) 


0.0211 (4) 


H16 


0.3095 


0.5128 


0.3993 


0.025* 


C17 


-0.0846 (2) 


0.26301 (19) 


0.42069 (14) 


0.0243 (4) 


H17A 


-0.1284 


0.2818 


0.3769 


0.037* 


H17B 


-0.1523 


0.2637 


0.4618 


0.037* 


H17C 


-0.0575 


0.1864 


0.4023 


0.037* 


C21 


-0.0088 (2) 


0.24092 (18) 


0.14012(13) 


0.0204 (4) 


C22 


-0.0023 (2) 


0.18617 (18) 


0.06101 (13) 


0.0234 (4) 


C23 


-0.1180 (3) 


0.1846 (2) 


0.01254(14) 


0.0287 (5) 


H23 


-0.1174 


0.1483 


-0.0420 


0.034* 


C24 


-0.2342 (3) 


0.2349 (2) 


0.04228 (15) 


0.0303 (5) 


H24 


-0.3115 


0.2334 


0.0081 


0.036* 


C25 


-0.2371 (2) 


0.2871 (2) 


0.12163 (15) 


0.0294 (5) 


H25 


-0.3169 


0.3208 


0.1420 


0.035* 


C26 


-0.1233 (2) 


0.2904 (2) 


0.17182 (14) 


0.0244 (4) 


H26 


-0.1244 


0.3257 


0.2265 


0.029* 


C27 


0.1245 (3) 


0.1318(2) 


0.03005 (14) 


0.0308 (5) 


H27A 


0.2052 


0.1923 


0.0317 


0.046* 


H27B 


0.1027 


0.0843 


-0.0241 


0.046* 


H27C 


0.1480 


0.0836 


0.0624 


0.046* 


C31 


0.2144 (2) 


0.46312 (19) 


0.15151 (13) 


0.0233 (4) 


C32 


0.1324 (3) 


0.5317 (2) 


0.12557 (17) 


0.0319 (5) 


C33 


0.1604 (3) 


0.5475 (2) 


0.05248 (18) 


0.0418 (7) 


H33 


0.1072 


0.5941 


0.0330 


0.050* 


C34 


0.2627 (3) 


0.4978 (3) 


0.00751 (17) 


0.0426 (7) 


H34 


0.2789 


0.5101 


-0.0423 


0.051* 


C35 


0.3421 (3) 


0.4299 (2) 


0.03485 (15) 


0.0336 (5) 


H35 


0.4128 


0.3955 


0.0039 


0.040* 


C36 


0.3180 (2) 


0.41223 (19) 


0.10773 (13) 


0.0253 (4) 


H36 


0.3718 


0.3659 


0.1271 


0.030* 


C37 


0.0227 (3) 


0.5874 (3) 


0.1752 (2) 


0.0452 (7) 


H37A 


-0.0514 


0.5278 


0.1834 


0.068* 


H37B 


-0.0192 


0.6360 


0.1488 


0.068* 


H37C 


0.0669 


0.6349 


0.2259 


0.068* 


C41 


0.4445 (2) 


0.13559 (17) 


0.42680 (12) 


0.0181 (4) 


C42 


0.5674 (2) 


0.10157 (18) 


0.44879 (13) 


0.0204 (4) 


C43 


0.6253 (2) 


0.1583 (2) 


0.52377 (14) 


0.0254 (5) 


H43 


0.7077 


0.1363 


0.5415 


0.030* 


C44 


0.5661 (2) 


0.2460 (2) 


0.57344 (14) 


0.0254 (5) 


H44 


0.6090 


0.2840 


0.6241 


0.030* 


C45 


0.4445 (2) 


0.27822 (18) 


0.54932 (13) 


0.0225 (4) 
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T T A C 

H45 


0.4042 


A O O O C 

0.3385 


a f on 

0.5832 


A ATT* 

0.027* 




C46 


A O O 1 ZO\ 

0.3821 (2) 


A 1 AO / 1 0\ 

0.22198 (18) 


A A *1 C A A / 1 O \ 

0.47544 (13) 


A A 1 A <T / A\ 

0.0195 (4) 




UA C 


a oata 

U.29 /y 


U.2424 


A A COC 


a mi * 




C4 / 


U.63:>:> (2) 


A A 1 AO 

U.U1U8 (2) 


U. 39316 (Id) 


A AOO 1 /£\ 

U.U/81 (5) 




TJ A "7 A 
H4 /A 


U.6/11 


A A*} A*5 

U.U393 


A 1 A 

U. J49j 


A A/I O * 

U.U4z* 




H47B 


0.5655 


-0.0590 


A 1 m A 

0.3730 


A A/IT* 

0.042* 




H4 /C 


0. / 142 


A AA^A 

— U.UU69 


A A^)f\H 
U.4/U/ 


A A/1 1 * 

U.U4z* 




C51 


i"i O T T C ZO\ 

0.3775 (3) 


A AH /~ /~ /O \ 

-0.0766 (3) 


0.19830 (15) 


0.0367 (6) 






A /i nan i1\ 
U.4 /9 / (3) 


A AOAA /ON 

— u.u&uy {Z) 


v). 144JV (loj 


U.U3o4 (oj 




/-if T 

C53 


0.5453 (3) 


A 1 T O /I /O \ 

-0.1784 (3) 


A 1 T/^TT /1 0\ 

0.12622 (18) 


A A/I7A /ON 

0.0479 (8) 




H53 


a a 1 
U.oloj 


A 1 0/l"7 

—0.184/ 


A AOAA 

U.U890 


A ACO* 




G54 


i"i f- /\r\ /i /t \ 

0.5094 (3) 


-0.2663 (3) 


A 1 /"AAf /1 0\ 

0.16095 (18) 


0.0462 (7) 




riJ4 


A C C£ 1 

O.j jol 


— U.33 1 / 


A 1 A 76. 
U.14/0 


A Aff* 

O.Ojj^ 




/"< c c 

C55 


A /I A C A 

0.4059 (4) 


A O C A A /O \ 

-0.2590 (3) 


0.21493 (18) 


A f\C f\ A /ON 

0.0504 (8) 




H55 


A 1 0 1 O 

0.3838 


-0.3188 


0.2393 


0.061* 




C56 


A O O O O / >1 \ 

0.3332 (4) 


A 1 /" C /" /ON 

-0.1656 (2) 


0.23427 (16) 


A A/IT/' /T\ 

0.0426 (7) 




hL_>o 


0.ZJOO 


— 0. lol j 


0.2oy3 


A AC 1 * 

U.OjI^ 




C5 / 


A C 1 CO //I \ 

U.MdS (4) 


a nn/; /o\ 

0.0136 (3) 


A 1 AA"7 

0.109 / (2) 


0.0504 (8) 




H57A 


a /ion 

0.4312 


A AO yl yl 

0.U244 


A AOTA 

0.0830 


0.076* 




H57B 


A COOf 

0.5885 


A AA A C 

-0.0045 
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0.0227 (7) 0.0220 (7) 


0.0245 (8) 


0.0017 (6) 


0.0023 (6) 
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Geometric parameters (A, ") 



Pd— PI 2.2254(9) C34— C35 1.385 (3) 

Pd— P2 2.2296(9) C34— H34 0.9500 

Pd— Cll 2.3375 (9) C35— C36 1.389 (3) 

Pd— C12 2.3164(9) C35— H35 0.9500 

PI— 01 1.5784(16) C36— H36 0.9500 
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Symmetry codes: (i) x-\,y, z; (ii) -x+ 1 , -y+ 1 , -z+ 1 . 
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Intermolecular n-n interactions (A, °). 



Cgl 


CgJ 


Cg-Cg 


Interplanar distance 


Offset 


1 




3.758 (4) 


3.409 (4) 


1.582 (4) 


2 


T" 


4.651 (4) 


4.164 (4) 


2.072 (4) 



Cgl denotes the centroid of ring CI 1-C 16; Cg2 of ring C41-C46. Cg-Cg is the distance between ring centroids. The interplanar distance is the 
perpendicular distance of Cgl from ring J plane. The offset is the lateral displacement of ring I relative to ring J. The planes of the I and J rings are 
parallel. Symmetry codes: (iii) -x, -y+1, -z+1; (iv) -x+1, -y, -z+1. 
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